Abstract-
INTRODUCTION
Ever increasing demand for multimedia application has shifted the focus of wireless fraternity to IEEE 802.16 standard, also known asWiMAX,. It is designed to provide both wired and wireless broadband access in Metropolitan areas [1] [2] guaranteeing minimum quality of service (QoS) for both real and non real types of applications. In order to make resource allocation effective WiMAX support scheduling based channel access in which different resources like time, frequency are allocated in proportion to service priorities calculated on the basis of bandwidth request made by different SS.
Support for varying applications is provided by associating each connection between BS and SS to five different service classes as defined by the standard. UGS Unsolicited grant service (UGS) applications are fixed size real time applications with streaming on a periodic basis, e.g. VoIP without silence suppression. Real time polling service (rtPS) provides real time applications with variable-size data packets streaming on a periodic basis, e.g. MPEG video. Non-real time polling service (nrtPS) is for non real time Variable Bit Rate applications that are delay tolerant and require minimum bandwidth guarantee e.g. FTP. Best Effort service(BE) is used for best-effort traffic such as HTTP or www. A new service flow called extended real-time Polling was added in IEEE 802.16e standard to incorporate the advantages of both UGS and rtPS. The signaling mechanism in WiMAX permits SS to predict its bandwidth requirements and request for it from BS and BS makes the allocation on the basis of bandwidth requested and QoS parameters for the connection.
Each frame in WiMAX is divided into two parts : downlink and uplink subframe. Downlink subframe is used by BS to send control and data information to different SS while uplink subframe is utilized by SS for data transmission. Time slots are granted to a connection depending on service flow of connections.IEEE 802.16 standard defines QoS service framework for different services as shown in figure 1. but how much amount is to be allocated for each service has been left as open issue to be explored and implemented by equipment manufacturers. This paper is an attempt in this direction. The proposed scheme uses the dynamism provided by fuzzy logic and can be easily implemented in base stations. This paper is organized as follows. Section-II is devoted to studies available in this direction followed by proposed scheme in the next section. Simulations and results are given in next section and finally conclusion is presented.
II.
RELATED WORK Problem of bandwidth allocation and scheduling of resources together form one of the major challenges in a packet switched network like WiMAX and literature is rich enough with a number of studies in this direction. For the design of new approach authors has studied a number of papers few of these are listed in this sections. [14] used the concept of high, intermediate and low priority queues to handle varying types of traffic. High priority queue is used to handle flows that must be scheduled in next frame which includes UGS packets and uni-cast request opportunities for rtPs and nrtPS flows. Intermediate and low priority queues were used to handle rtPS, nrtPS and BE flows respectively. Queues were served using strict priority however starvation was handled as request whose deadline is going to expire is migrated to high priority queue.
One of the most recent work in the field of dynamic scheduling has been done by M. Fathi et al[42] where a joint scheduling and CAC method is proposed. WFQ was used initially to assign weights to different classes in accordance to priorities. Bandwidth allocation is done on the basis of packet dropping probability.
The papers discussed in this section indicate that nonreal time traffic is always sacrificed to real time traffic which tends to degrade the performance for non-real time applications. In actuality non-real time traffic holds a very large share of traffic on a network. This means that non-real time traffic cannot be neglected and a suitable scheme is necessary for making fair allocations to it.
III.
PROPOSED SCHEME
The scheduling problem in WiMAX is quite novel as it has to satisfy a number of applications and these applications tend to have different QoS satisfaction levels. WiMAX has dynamic QoS and SS request resources from BS for transmission on the basis of its incoming traffic. Requirement of incoming traffic can change momentarily in multimedia application and therefore choosing a single and fixed bandwidth allocation mechanism for all sorts of application is not good idea as it may deteriorate QoS levels and real time applications can starve non-real time application like BE and nrtPS. In such situations a bandwidth allocation mechanism that can adapt itself to the changing requirement of QoS will be preferred. Authors in this paper tend to solve scheduling problem in WiMAX using a dynamic approach that is based on the principles of fuzzy logic. The indecisive theories of fuzzy logic are very helpful in providing solution to the problem where designing of exact mathematical models is very difficult. The main aim of the scheduler is to provide fairness in terms of bandwidth allocation to neglected traffic classes of nrtPS and BE.
The traffic in WiMAX consists of combination of real and non-real time applications categorized into 5 different QoS service classes namely Unsolicited Grant Service(UGS), ertPS(extended real time polling service), rtPS (real time polling service), nrtPS(non-real time polling services) and BE( Best Effort ). Out of these first three belong to real time traffic class while the last two fall to non real time traffic class. Both these traffic have different QoS parameters ,real time traffic requires a guaranteed delivery of packets within stringent time constraints while maximum sustainable time requirement of non-real time traffic shall be satisfied by the implemented scheduler. Therefore the designed scheduler shall be able to adhere to these requirements and shall provide a fair share of allocation to both these classes of traffic.
The fuzzy approach proposed in this study takes as input two variables, latency requirements for real time traffic and throughput for non-real time traffic. The output of the fuzzy inference system is weight, whose value will be used to make bandwidth allocations to both these classes. The respective membership functions for all three variables are shown in figures( ). The fuzzy system is built over five different linguistic variables for all the input and output variables .The membership function are defined as NB(Negative Big), NS(negative small), Z(Zero), PS (Positive small) and PB(positive big). The range of all these variables is from 0 to 1. The rule base consists of 5 x 5=25 rules which is considered to be sufficiently large for two input fuzzy inference system is used for inference database. The rule base has been defined considering the nature and dynamism of input traffic.
The default weight for any flow in WFQ is calculated from the following equation 
The fuzzy system consists of three steps:-fuzzification where the system reads in system input variables ie throughput and latency. Fuzzy reasoning where input state variables read in previous step are manipulated as per the rule base and provides an output value. Last step defuzzification, employs centre of gravity method to calculate a crisp value for our output variable weight. The outputted value is taken as the weight for real time traffic and weight of non-real time traffic is calculated by subtracting from 1 since the total weights for all queues shall satisfy the constraint defined in 2. The bandwidth allocation to different queues is made on the basis of weight assigned to that queue using the bandwidth allocation formula
RESULTS AND DISCUSSION
In order to implement the concept of adaptive weight calculation for scheduling, a wimax network consisting of one BS and a number of SS was created in a simulator written in C++.The mail aim of the simulation is to check whether the proposed scheduler is successful in providing fairness to nrtPS and BE classes. The performance of these traffic classes is observed with varying number of real time connections. Performance is studied on the basis of parameters like delay and throughput. Various simulation parameters used are defined in table 1.Simulation is aimed at making sure that the proposed scheme is able to provide a relative good QoS levels or not. This is done by increasing the number of UGS connections in the scenario while keeping number of rtPS and nrtPS fixed. Scenario consists of one BS and 110 SSs. For experimentation 10 ertPS, 10 rtPS connections, 
